Some cepha antibiotics interfere positively in the Jaff#{233} method for determining creatinine. The extent of this interference differs with the modification used, and its mechanism is unknown. We studied the spectrophotometric and thermodynamic properties of the reaction of picrate with creatinine and two cepha antibiotics, cefoxitin and cephalothin. The absorbance spectra of the chromophore produced by each of the three compounds when reacted with picrate were essentially identical, with an absorbance maximum at 485 nm. We determined the molar absorptivity, rate constant, and equilibrium constant for the reaction of the three compounds with picrate. The molar absorptivity was similar for creatinine and cefoxitin but about fourfold smaller for cephalothin. The rate constant and equilibrium constant for the reaction with picrate were respectively 20-and 10-fold greater for creatinine than for either of the two cepha antibiotics. Thus, these differences indicate the mechanism by which these two cephaantibiotics interfere with the Jaff#{233} procedure for creatinine, and explain why the degree of interference depends on details of the procedure.
Instruments
We used a Model 25 spectrophotometer (Beckman Instruments, Inc., Fullerton, CA 92634) for all spectral and thermodynamic measurements and for kinetic measurements of cefoxitin and cephalothin reactions. Kinetic measurements involving creatinine were made with the Cobas Bio centrifugal analyzer (Roche Analytical Instruments,
Inc., Nutley, NJ 07110).

Experimental Design
We used four different picric acid concentrations in each run: about 20, 15, 10, and 7.5 mmol/L for all studies except the equilibrium studies with creatinine, for which the concentrations of picrate acid were 4.01,2.15, 1.50, and 1.29 mmolJL. The concentration of NaOH was 150 mmol/L in all cases. Final concentrations of creatinine, cefoxitin, and cephalothin were 42.1, 100, and 200 molIL, respectively. All measurements were at 37 #{176}C.
Except for the kinetic studies with creatinine, all studies were performed by first adding one of the four different concentrations of alkaline picrate to each cuvette, then adding the creatinine or antibiotic. Absorbance at 510 nm was measured as a function of time. At equilibrium, absorbance was measured at 500, 505, 510, 515, and 520 nm. We plotted absorbance as a function of wavelength. For the kinetic studies with creatinine the concentration of creatinine was 49.6 jmoJiL; absorbance was measured at 30-s intervals. All studies were repeated at least once.
Statistical Analysis
For a simple reaction, n millimoles of compound (creatinine, cefoxitin, or cephalothin, represented by "C"), reacts with m millimoles of picrate to form r millimoles of chromophore. By the law of mass action, the equilibrium constant, K, is represented by: 
which is pseudo-first-order, and k' is the pseudo-first-order rate constant. This equation can be changed to measure the appearance of product by noting that 
[ 
where A,, absorbance at infinite time (i.e., at equilibrium), A = absorbance at time t, and b pathlength Figure 1 shows the absorbance spectra of the three compounds when reacted with alkaline picrate. They all are Table 1 . Table 2 lists the millimolar absorptivity at five different wavelengths and the equilibrium constant at 37 #{176}C for each compound reacted with picrate.
Results
Because the concentration of picrate in the kinetic studies was in excess of the other reacting compounds, a pseudofirst-order rate constant could be determined. concentration. Table 4 lists the linear regression parameters of such graphs. The mean pseudo-first-order rate constant for cefoxitin is 0.0347, with a standard error of 0.00095. By using linear regression, the pseudo-first-order rate constants (and standard errors) for creatinine and cephalothin-assuming a [picrate] of 10 mmolIL (k'10)-were 0.695 ± 0.026 and 0.0302 ± 0.0078, respectively.
Interference in the Jaff#{233} reaction for creatinine caused by the antibiotics cefoxitin and cephalothin differs with the Jaffe modification and (or) analytical system (Table 5 ). It is difficult to compare reported results in various papers, because different concentrations of antibiotic were used to supplement sera. Looking at the mass concentration equivalents of creatimne per unit (millimolar) concentration of antibiotic facilitates this comparison ( Table 5 ). The Technicon continuous-flow method, which shows the lowest interference, involves dialysis to separate creatinine from serum proteins. The rate methods, which do not involve dialysis (the Du Pont aca, Beckman, and Cobas Bio), give similar results, which always exceed the Technicon result. The manual method shows the greatest interference, 10-fold that in the Technicon method and about twice that in the rate method. This variation among methods should reflect the mechanism of interference.
The superimposability and identical Xmre, of the absorption spectra produced by the reaction of picrate with the three compounds means that the products all absorb light at the same wavelength, and thus that the picrate molecule is the component responsible for the absorbance.
From a theoretical point of view, the energy transition in each of the three different products is identical. From a practical point of view, the identical absorption curves mean that one cannot obviate the interference in the Jaff#{233} method by altering the wavelength.
From the spectral curves for the products one cannot select a single ideal wavelength for the assay. The peaks of all three curves are near 485 nm, and so this wavelength usually would be chosen; a slight imprecision in wavelength selection would not substantially alter the absorbance reading. However, picrate itself strongly absorbs light below 520 tim. ImmI CLINICALCHEMISTRY, Vol. 29, No. 12, 1983 2047 nm and taking measurements becomes prohibitive at wavelengths below 500 nm (its absorption spectrum is skewed). The degree of skewness depends on the intensity of light absorbed per mole, i.e., on the molar absorptivity. Thus, the left side of the curve shows a more abrupt drop for cephalothin than for cefoxitin, and similarly for cefoxitin than for creatinine. Because of this background absorbance problem, in most assays wavelengths ranging from 500 to 520 nm are used, which is the rationale for our five different measurements for millimolar absorptivity in Table 2 . The plots of [Cl/A vs 1/[picrate] provide three important pieces of information:
order of reaction, millimolar absorptivity, and equilibrium constant. The plots for each of the three compounds reacted with picrate are linear, supported by the among-run coefficient of variation (CV) of the regression [(S ± 9) x 100] being less than 5% in all three cases. Linearity implies a second-order reaction; first order with respect to picrate and first order with respect to the reacting compound. Thus, the reaction can be represented:
where C is the reacting compound. For cefoxitin and cephalothin this equation is limited to the picrate concentrations used in this study, 7 to 20 mmol/L. The range of the linearity for creatinine extends to concentrations of picrate much lower than 7 mmolJL, as shown here and in previous studies that the reactions are first order with respect to the reacting compound-creatinine, cefoxitin, or cephalothin-and this justifies determining the equilibrium constant and millimolar absorptivity from the graph. Our values for the equilibrium constant for the creatinine-picrate reaction are very similar to the previously reported value of 4800 L/mol (13). The reaction conditions in Butler's work (13) were slightly different, the reaction beingrformed at 25#{176}C and with use of 100 mmollL NaOH. tG is -5027 calimol for Butler's work and -4867 cal/mol for ours. This 3% difference probably is ascribable to the difference in NaOH concentration. The G#{176} for the cefoxitin-picrate reaction is -3325 callmol; for the cephalothin-picrate reaction it is similar, -3430 cal/mol. Both values are significantly less than that for the reaction with creatinine, as is also the equilibrium constant for the reaction of either antibiotic with picrate. The extent to which the reaction is complete at equilibrium can be expressed as the fraction of chromophore product divided by initial concentration of reacting compound,
The subscript0 indicates time zero, i.e., the initial concentration.
For a picrate concentration of 10 mmol/L, the reaction with creatinine, cefoxitin, and cephalothin goes to 96, 69, and 72% completion, respectively.
The millimolar absorptivities of the chromophores differ greatly among the three compounds. For each, the millimolar absorptivity increases with decreasing wavelength (Figure 1) . The cefoxitin-picrate product is 81% and the cephalothin-picrate product is 22% of the creatinine-picrate product at 510mm Even though the chromophore products of the three compounds absorb maximally at very nearly the same wavelength, the amount of light absorbed per molecule is different. The low millimolar absorptivity of the cephalothin-picrate chromophore as compared with that of the cefoxitin-picrate chromophore explains why there is less interference by a given concentration of cephalothin as compared with cefoxitin.
The millimolar absorptivities are 10.08,5.84, and 1.65 for creatinine, cefoxitin, and cephalothin, respectively. The consumption of picrate only insignificantly affects the calculation of e (data available by request to first author).
The rate constant becomes a pseudo-first-order rate constant (k') when the concentration of picrate is in great excess. Clearly, creatinine and picrate react much faster than do cefoxitin or cephalothin and picrate (by a factor of 19 and 24, respectively, at a picrate concentration of 10 mmol/L). This means that a kinetic method for creatinine will not be affected by interference as much as an equilibrium method will. A value for k' (obtained as a function of k' = k [picrate]) is obtainable for creatinine and cephalothin; however, their y-intercepts do not go through the origin as one would expect. The values for k' determined at different concentrations of picrate for cefoxitin were essentially the same. A linear regression of the cefoxitin data gave a negative slope and an unacceptable residual variance. At the concentrations of picrate used, the rate of cefoxitin chromophore formation appears to be independent of the picrate concentrations.
These two problems stem from the fact that our rate model is probably too simple. The reactants may form one or more intermediates before the product is formed, or the chromophore may not be stable. Figure 4 shows a theoretical example of the time dependence of the reaction, with use of the equation above, and exemplifies why a kinetic method that does not exceed 7 mm is superior to an end-point method for determination of creatinine by the Jaffe method. Fig. 2 
